. Opisthorchiasis is associated with hepatobiliary morbidity including chronic cholangitis, 94 cholelithiasis, periductal fibrosis and bile duct cancer, or cholangiocarcinoma (CCA) [4] [5] [6] [7] . Khon 95
Kaen province in Northeast Thailand has reported the highest incidence of CCA in the world, 96 greater than 100 cases per 100,000 residents 8 . Chronic inflammation in response to metabolites 97 and growth factors released by this parasitic worm and related phenomena are implicated in the 98 pathogenesis of liver fluke infection-associated hepatobiliary diseases 7, [9] [10] [11] [12] . However, the biliary 99 morbidity in the setting of opisthorchiasis may not be solely linked with liver fluke infection; 100 other factors including carriage of Helicobacter and other microbiome changes within the biliary 101 tract might participate 13 . 102 103
More than 30 species of Helicobacter have been described 14 and H. pylori was the first bacterial 104 pathogen confirmed to cause gastric disease including peptic ulcer, gastric lymphoma and gastric 105 adenocarcinoma [15] [16] [17] [18] [19] . On the other hand, carriage of H. pylori occurs in at least half the human 106 population with transmission from mother to child and other routes. Indeed the human-H. pylori 107 association likely is at least 100,000 years old 20 , an association that appears to be beneficial in 108 early life, including contributions to a healthy microbiome and reduced early-onset asthma 21, 22 .
109
Infection with species of Helicobacter has been implicated in other malignant and benign 110 diseases of the biliary tract [23] [24] [25] [26] [27] [28] . Opisthorchiasis may enhance colonization of the biliary tree by species of Helicobacter in like 116 fashion to other changes in the biliary microbiome 33 . The influence of opisthorchiasis on 117 cholestasis as a consequence of the liver fluke migration and establishment within the bile ducts 118 provide explanations for bacterial colonization leading to bacterial cholangitis 34 . In addition, the 119 migration of the flukes themselves from the external environmental through the alimentary tract 120 and into the biliary tract might convey bacterial passengers, both on the external surface of the 121 trematode and within the gut of the parasite [35] [36] [37] [38] . 122 123 We recently reported, in a hamster model of liver fluke infection-induced biliary disease, higher 124 prevalence and intensity of co-infection with H. The presence of cagA was associated with an elevated risk of both grade 2 and grade 3 biliary 178 periductal fibrosis. The relative risk ratio (RRR) for grade 2 versus grade 1 or 0 hepatobiliary 179 disease was 338 (95% C151-758, P = 0003) comparing individuals with and without cagA, in 180 the model adjusted for age and sex (Table 3 ). The analogous RRR was 915 for grade 3 vs. grade 181 1 or 0 hepatobiliary disease (95% CI 174 -4797, P = 0009) ( . Whereas the prevalence of CagA with CM 207 in EPIYA-AB type was 30·8% -36·2% in liver fluke infection-negative and -positive 208 participants, respectively, CM was present in all (100%) of the EPIYA-ABC and EPIYA-AB'C 209 (EPIYT) genotypes detected (Table 5).  210  211 Concerning associations between CagA types and grade of biliary periductal fibrosis, significant 212 associations between AB'C type versus AB type and both grade 2 (RRR = 23·12, 95% CI =2·31-213 23·50, P = 0·007, and grade 3 (RRR= 24·36, 95% CI = 1·71-347·09, P = 0·018) were apparent 214 (Table 6 ). There was no association between ABC type versus AB type and hepatobiliary 215 disease. In addition, regarding CagA types with or without the CM sequence, significant 216 association between CagA with CM sequence and grade 2 was evident (RRR = 30·74, 95% CI = 217 5·25-180·08, P < 0·001). After confirming the proportional odds assumption, we determined an 218 overall odds ratio of 30·8 for each subsequent grade of biliary periductal fibrosis comparing 219 individuals carrying CagA with and without the CM sequence, and controlling for age and sex (P 220 < 0·001). Similarly, after grouping the degree of hepatobiliary disease as either negative (grades 221 0+1) or positive (grades 2+3), as described 42, 43 , a significant association was apparent between 222 positive for hepatobiliary disease and CagA with CM sequence with an odds ratio of 38·21 (95% 223 CI = 6·85 -213·03, P < 0·001 CCA cases grouped together, generally divergent from sequences in the present cohort ( Figure  240 2). The association between the 'Western like' genotypes, including EPIYA AB'C, and the 241 hepatobiliary pathology is evident for the sequences analyzed in the phylogenetic tree shown in 242 Figure 2A . Figure 2B depicts representative sequences that belong to the main clusters of CagA 243 described above, indicating the EPIYA motives and CM sequences. Whereas the prevalence of 244
cagA-encoding the CM sequence in EPIYA-AB type was 35 %, CM was present in all (100%) 245 of the EPIYA-ABC and EPIYA-AB'C (EPIYT) genotypes characterized here ( O. viverrini EPG = 0 (n = 77), EPG = 1-100 (n = 110), EPG = 101-500 (n = 57), EPG = 428 501-1,000 (n = 10) and EPG > 1,000 (n = 13). Age and sex adjusted relative risk ratios (RRR) and 95% confidence intervals (CIs) for presence 477 or absence of Helicobacter infection, and association with hepatobiliary disease were determined 478 using age and sex adjusted multinomial logistic regression analyses. Ordinal logistic regression 479 was performed to determine overall odds ratios for each model; these were only presented if the 480 proportional odds assumption was met for a given mode. Statistical tests were two-sided, and 481 were performed using IBM SPSS Statistics, IBM Corp., NY, 2x2 Contingency Table online • Age in years (mean ± SD)
• 49±9·6
• 49·6±9·4
• 48·7±10·4
• 49±10·3
• 53±10 758 NA = not applicable, RRR = relative risk ratio, P = P-value, CI = Confidence Interval 759 760
The reference group for RRR is Grade 0+1 as grade 0 is baseline negative periductal 761 fibrosis. Some participants were grade 1. 762 763 
